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:. The objsctives of this prcject may be stated as follows:

.. 10 examine the effect of certain structural analogs of
arginire upon the multiplication of typical an1m31 viruses,
such as rmps, infiuenua, an-d aquine encephalomyelitis, in
the chick embryo. Iz view of the fact that arginine is an
important constituent of virus proteins, as well as other
proteins, it might influence the ;p tion of virus protein.

Furthermore it has been reported ‘+/ that arginine, ornithine
ani lysine all inhibii the Jevelopment cf mmps and influenza

virus in tissbe culiure.

2N

o To examine such arginine analozs as are alread; available
as outlined in peragraph (1); and to synthesize new com~—

sounds of this tvpe for gtudy, within the limits of available

araomal and vime.
p o

3+ To deternine the effect upon virus development of such other
aogpounds which 2va an ,ogs of known metabolites as may
oovome availavle Lo us and which appsar worthy of irvesti-~
Z2blon.
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PROGRESS ¢ 'i

A. Examipation of Compounds for Influence on Virus liultiplication:

l.iaterials and NMethods:

The methods employed during the period of this report
have been ossentially the same as those described in
previous reporis.

2. Resulis:

Evaluatior of Compounds for Influsnce on the Development
of Les Influenga Virus in the Chick Embryo,.

(1.)Results cf preliminary tests of compounds for
inhibitory activity.

In the previous report covering the period July 1 to
December 31, 1952, most of the work described the inhibitory
effect of canavanine on the vrowth of the Lee influenza

irus in the chick embryc and experiments designed to inves-
tigate the natura of ©this inhibition. One of the primary
problexzs involved in this study was the source of supply
of canzvanins itself 2s this amino acid must be extracted
frem Jacl bean meel by a lzborious procass. In view of the
fact that the rzte of preogress of this work was limited by
the supply it vas "decided to de—ote this pericd to a study
of other compounds of potential intersst while a stock
oite of carav.nine was being buill ups

An dimteresting grour of coapounds bearing a structural
velsticnship o arbinir bgcame availzble to us during this
reriod. osamples were originally cbtained through the
Kindness of Dr. I. F. Halverstadt of the Chemical Research
Taspartoent of Cutter Laboratories. These compounds included
gruanylurea derivaties . and bigusnides. They were synthesized
originully by tks Product Development Departmert of Merk and
Conpany, and further quantities have been obtained from
the lattce group. Additional compounds were zlso obtained |
through the courtesy of Dr. B. E, Christensen, Professor of
Organic Chemistry, segon Sta ts Colleze.

The reswite of the prelimincry tezts on the compounds
zrpined dwring this period sra nresented ir Table A,
treso tests were caly intended to irdicate whether a compound
1fzht have 2n infleenca on the developgent of the virus
and vhethar it was worthy of fiuther inv eut.loation° } A
Wil be uoted that. two of the comosundz in vhiS +abls appear
ves: T revher etriking irhibitory sifoct on the
wirus 28 juﬂoed by tPe hemawglutinin titer
3 allantolc

idg nyﬂroc“lvrﬂaq and ocnzqyl
& Jadpad ”y tha results of this test with a
ar of exgs, bouh of these compounds prevented
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the development of sufficient virus to he detectable
ir. the pooled fluids. These compounds obviously were
worthy of further investigation,

i

The structurs of these two coapo:nds .ay uve indicated
as follows: .

- I M 8
bH3\ CHL NE.C.I 1.5.»11{2.H31 < co.m . BH
3

isoprooy’l. biguanide benzoyl juanylurea
hydrochloride .

Although they d¢iffer somewhat, it is obvious that they

have in cowcon the guanidino geouping whlch is of course "

found in arginine.

1t will bhe noted also that three other compounds,
i.e. cyclochexyl juanylurea, guanylurea phosphate and
disodiun versene ylso rcsduced the virus titers of the
pocled allantoeic fluids belcew the level of the controls.
Statisvically, significance =annot be attached tc any of
trese differences, but t he data suggest some slight activ;ty
by thsse compounds. The only other compound which
preduced & result which wignt be considered different from
tho control is naphthoxyacetic acid., The hemagglutinin level
here was tiree ti:es that of the control eggs, suggesting
stimulation of virus development. However, we have attempted
to confirm this result and have been unsuccessful.
Apiarently scme conditions prevailed in this particular
test which we have not been able to duplicate.

From the foregoing results it was concluded that an
investigation cf the effects of isopropyl viguanide
hydrochloride and benzoyl guanylurea on cevelopment of the
virus was justified.

(2, Furiher investigation of the inhibition of the
Lee influcnpzs virus by isopropyl biguanide™ and btenscyi
Zuanyiurcea,

bt

The rature of the inhibition of the Lee virus by the
abeve Two cownounds has been investigated rairly extensively.,
Jowc 95 t"e work hovever nas oecen carried oul with isopropyl

]

-z:by‘
To bsgin with, the meager data from the preliuinary

=upnlasented by furtiner studies in which the

33 n dndividual egys were titrated for virus hemagglutinin.
Trz w=:0lls of a tynical exoeriszsnt employing isopropyl
viguisioe 2oe prRSentad in “zble I. 1In this experiment as

in this repovi winiess indicated otherwise,
tath vieas and coopound wera made into the
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allanteoic sac. It is evident from these results that the
infiuenza virus is markedly inhibited by 10.0 my. of
isoprooyl biguanide in the cnick embryo for at least Ll hours

attar incculation, as judged by the heina,plutinin titers,

The results of a similar exneriwant in which the dose
»opyl biznanicde was iriecte” in the volk sac of the
o =chrro while the virus was injecter! into the allantolc
a : in Tavie 2. Ir'rom these dats it seems

pozirent Ghat it is not nescessary to have direct contact
soiween the compound znt the virus in the allantoic sac in
or~der %o dernonstrate inhibition of the virus. Thesz

resules sugzest that the coupound may be absorbed into

the clrculation of Lhe embryo and in some manner interfer
vith the growth of the virus in infected cells.

73
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The results of more detailed observation of the effect
of penzoyl zvanylurea on the Lee influenza virus are shown
in Table 3. From inspection of this table it also seems
guite obvious that this compound too has a very marked
irnibitory effect upon the development of the virus as
Juriped by the hemaggzlutinin titer. In cowparing results
cbtained with the two cowpounds it should be noted that a
dese of 10,0 3z. of isooropyl biguanide disolved in a
velwae of 2.2 ml. of distilled water was regularly eomployed.
This had been found to be about the waximum tolerated
dose. - However, benzoyl yranylurea nas a much- lower solubility
2nd in the case cf this compound it was necassary to employ
susgensicn pade up to a coacentraticn of SO mz. ser mi.

susnending medium of one pecscent low viscositly carboxy—
‘1 c2lluiose. The maximum tolerzted dose of the
und had been iound to W about 25.0 mg. Thus it is
7 4o compare the activity of the two compounds weight
Tor weizht because of the lazrge difference in solubility.
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mants were nexv carried out to determine the
"ective dose of iscpropyl biguanide which could

Sy

PR ibition of the virus. HResults of these experiments
o It will be noted that the inhibitory
errfect drovs off rather rapidly with decreasing dosage.
10.€ mz. per egg irnibited hemaglutinin development completely.
“he inhibition produced by a dose of 5.0 ms. per ezg was
ztilt parcked and in the case ¢f 2.5 mg. por e 7 was still
t

significent. 4 slight effect may have resulted from the
ase of 1.0 my. per egg, our the dirference tetwesn the
result obtained at this dose lsvel and the centrol jroup is
not sisniiicant.

siodiar experviment3 were carried out with bensoyl
suanylures ant insse ere given in Table 5. The effect of the
cucreasad doseze is even more agparent in the case of this
spownd. 25.0 mz. per ey caused almost complets suppression
i=nagglutindn whersas 12.5 mg. per egg did not cause any
clLonidicent eeduction in the hemagglutinin titer.
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logne B0, desardutiain filers of Yluids froam Hemagzlutinin Titers of Fluids
LS racaliving 50 ;)50 o1 Virus Only  frou bygs Receiving 25 mg.

Benszoyl Guanylurea an Hour
Before SO IDSO of Virus.
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be detected. all of the previous observaticas had been
uade after a period of anprovi.ately forty-four hcurs of
incubation at 35°C., Accordingly observations were made on
both treatad and control egigs on both the third and fourth
day of incubation. These reoaults appear in fable 6. It
will Lo noted that after sixty—-cight hours of incubaticn
treated egys still showed a level of virus hemazzlutinin
wiich was only about lwenty per cent of that found in the
untreated csatrols. After ninely=-two hours of incubation
the titer of thc pooled fluids fron the treated embryos
#as about hall as great as the ccmparabise contrel zroup.
4lthouzh this difrerence has not been tested for statistical
sipnificance it sesms doubtful that with the relatively
s2al1l number of eg;s involved, such a difference could

be demonstrated. Howevrer, it is quite possible that further
exdtansicn of the number of ohbservaticns would reveal such
a diftererce. In any event it se€ams apparent that the
inhititory effect of a sinile dose of 1C nmg. of isopropyl
bizuanide, whick is very marked after forty-fouwr hours of
incubation, is stiil warked after sixiy-ei;ht hourg and is
at bazst vaery slight after ninesty-two nours of incucation.

o Py RNy Ry
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The influence of tho doze of virus upen the inhibitory
effect of izoovropyl biguanide has been lnvestizate! to some
extent, although additional wor% is required. Results
obtained thus far are shown in Table 7. It will be noted
in this table that the dos of virus has 1 delfinite influence
upon the Tipal result. Vhen the virus iposculum is saoill,
cowplete supprassion of the virus hew= :lutinin may be
ovserved. ‘hen the dose of virus is increased the inhibitory
effccl beccones less marked. lowoaver, with a cdoss of ten
thotsand IDyg,, which is the nishest virus lavel so far
tesved, a s?;ght irhibitory effect may still be noted.
Purther <ata bearing on the point will b obtained. !lowever,
the results ohtained are in asrecrent with expectation, from
what is knewn of the behavior of various infectious agents
and inhibitery compounis. i

% study has also teen made of the influence of the tize

interval between injection of the virus and injections of
= isopropyl biguanide on the inhibition of the virus in the
chick embrvo. The data bearing on this goint are presented
in Table 8. It will bo noted that there was no apparent
difference in the end restlt if the compound was injected
zn hour before the virus or two nours after the virus.
In botin cases ine development of virus hemayglutinin was
312050 conpletely suppressed. hen the compound was
sdainistered twenty-rouraarter the virus, the inhibitory
ffect was still marked and the virus hemegglutinin in
reat2d 8zgs was only about ten per cent of that found in
trols.  ¥ien the injection of the compound was delayed
i1l thirty sis hours after infection with the virus a
slight inhibitory effect was =till found. Vhen this time
interval, nowzver, was increased tc forty-four hours no
significant affect was demonstrable. It is interesting
to note that the inhibition is still sc steiling, aven
when injection of the cougpound is delayec [or twenty—four
hwourg after infection. “his observation suszes®s that the
asiechanisn of irhivitior is not concerned primarily with
interfergnce with adsorption of the virus vo the susceptible
ceils, but is uwora likely related to soane step in the
formation of the virus itself or of its reclease from the .
cellis.
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A eevhain ascunge of eismilar data has been obtained with
vengoyt guanylurea. This io auch more Jlimited because ‘
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TABIEZ 8

niannoe o7 Tiue Tebervnl BSetween Iaf2ction and Injection of Isoprosyl Biguanide
PR g E I

2 Loz Tnfluenga in the Chick Rabryo.

fraction of Lggs  Huaber of iggs Showing  Hemagglutinin
Tny "M
Showiing Virus titers of Titers of Pooled
Eerogslutinin 0 {20-80){120-320)(8B0 & Fluiis from all
above) Lyzs in Group #
A panr LETere
virts 3/10 T 3 0 o 0
2 ncurs alter
virus 1/10 9 1 0 0 0
2L hours after .
viras 9/18 9 7 2 0 30=40 i
3% hours afuer i
virus 14,16 2 S S 0 120+
Y. hours after
virus 10/10 0 2 L L 320
Controls
receiving vivus .
]
only 20,720 0 1 9 10 320-480
43% . eggs vecsived 50 1Dz of virus. 10 mg. Isopropyl bigvanide was
= aa¢1h-st red atthe iadizated times. Eggs were incubated at 35°C, for
asoroginately 1C howrs before wirus titrations were made.
* Raciproczls of aighnest fiuid diluticns '1vinb complete hemagglutination,
F Tlvid dilvbions helow 1:20 were not tasted, and fluids giving a negative
reacoion 30 this dilution are arbitrarily assizned a valiue of 0.
+ Uayn represants cosbined results of 2 experiments.

- ’ - . — -
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TARLY 9
nfovanee of Tiae Intemeal detweer Infection

inhicition of Lee Irnfluensza

in the Chick

ard Injectior of Fenzoyl Uuvanylurea

nbrvo.

Fraciion of =yus
Shocing Virus

Nuaber of bgoos

Titers of

Srowring

Lemau-lu*vnin

1 hour bafore L/10 6 L

: Vi P ]

-

¢ hours arter )
viyus TR 7 1

2y ncurs after

(20-B0J(330-320) W0 &

above )

.

llemazglutinin Titers
of Facled Fluids
from all bBzgs in
Group #*

20

irus 8/3 0 2 6 G 120
ontrols
recsiving vimid ]
caly /10 1 1 3 o] 240
A1l e, v¢ received 50 IDg of wirns. 25 mg. of benzoyl guanylurea was
administered at the indicated times. This was suspended in a 1%
aqueous sclution of carboﬂj:ctnyluaglulose to give a concentration
of &% mg, ver ml. Corirol tuzs received 1 ml. of the suspending agent
cnly an hour bafore tIL virus. Eggs were incubated at 35°C, for
approxinacaely L8 hours bafore virus titrstions were made.
% Recioirocals of highast {luid d1l¢t¢o s giving complete hemagglutination.
# 0 Fluid dilutions Lélow 13120 were not tested, and £fluids giving a
regabive reuction et this dilution are arvitrarily assigned a2 valus
of Q.
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it is of course of interest to know whether these compounds
have any direct inactivating effect on the Lee influenza
virug in vitro. Lxperiment: ~-:ine on this noint are
recordad in Tably 10, Isouc:ygyl bisuanide has been the
cnly compound investijalaed and a concentration of 2 mg. per
mi. D05 been caniayed, as Uirig 10 estimated to be the maximun
conesniratica produced in Lhe zllantolce fluld of the il
aimdiyo when 2 dose of 19 mp. is administered. Periods of
contact ooticen the virus ond iLhe compound of tiwwe nours
ang iweaty howrs have been festzd at tamrerctures of 10°C
arnd 235%3. It will o2 noted from the “abla vhat in no
Ay eifect uoon the hermagglutinin titer of
pag ! Iu iz case of the virus infectvivity, however,
it Is spgarsal thal in the oraszence of the coipound after
tweuty hours at 35YC this propsrty of the virus deteriorated
snote raplcly than in a control oreparation containing
enly the viras. .he 2H of the two prsparztions was
approximetely the same s¢ that the difgerence noted could
not be ascribed to a OH offect. wt 10°C, after a twenty
aour parizd of exposure a greparation containing isopropyl
oiguanide was slightly less active than the control but
the difference car preohably not he considered significant.
3i dilarly after- a3 period of two hours at 357C ths
preparation containing isopropyl dDiguaricds chiowed a
slightiy lower infectivity than the controi preparation.
wrther expericents are planned to varify and extend these
resuwlts. At present, however, it appears that isopropyl
biguanide at 2 mz. oer ml. may cauvss a reduction in infectivity
cf the virus ovar a twenty hour period <f contact at 769G,
Since this effect is at best very s8liint within a two howr
period at 35°C or within a taenty hour period 2% 10°C and
since there apouears to ba no-effect at all upen the
hew2zlvbinating activity of the virus, it seems unlikely
that a direct lnactivating effect on the virus can account
entirely for the inhibitory activity of the compound.
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cf tie lae inituenza virus has been measured by means of
infectivity titrations as well as by hemagglutinin titrations.
This metiod has not been used routinsly because it is less
srecise and nore laborious, but the inhibitory effect ean

be Jemonstrated oy either method. Infectivity titers of
virus froa cgys treated with isorropyl tiguanide have usually
been at least one iog unit lower thsn the titers found in
urrrentad eg

’
et Siowe

+4 of icopropyl biguanide upon the development
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:ents have been carried out to ex:mine the possible '
sopropyl biguanide on the adsorption of the virus

by chorio-a2llantoic membrane ticsue in vitro. These

sxparinents 3o far have failed 1o show Lhiat the compound

irn = corcentration of 2 mg. per ml. interferes to any

azasurable extont with the adsorption of the virus by the

webrare tissue,
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TABLE 10

iguanide on lee Influenza Virus

.
4
E;
4
%
3
E
E
E
4

5 55 - . = +
Fxp, Ho. Tise aaxd Teuperaturs Hemagglutinin®  No. of LID 0
28 Ingubation Titer of Virus per ml.
i WO Virus only 7.15
before dncubation 160 Apte=2
b 2 kours at 1000, Virus only 160 107.60
0 ¥
% 2 hours at 10°C. Virvs + I50"; 7 10
2 3g. per mlec 160 107=<
% 2 hours av 35% Viru:z only 160 10774
o 2 nows at 25°C. Virus + ISG: 2.17
2 ng. per ml, 160 104+
2 Lone Yirus only before 5.61
iacubation 2L0 s {epdy
5 20 hours at 109C.  Virus only 240 207-50
“ 20 hours at 10°C, Virus + 1IG; oo
2 ag. per ml, 2o 1070
n 20 hours at 359C.  Virus only 320 2036k
. AL D 3 SRR
: 20 nours at 3570, Virus + IRG; 2 o
; 2 . per ml. 320 BUOEE
Py ;
#  Recdprocals of hignest dilvtjors of flald gaving coap. ete hemagglu-
tiration.
5 IR < ircepropvl bipuvanide :
v il e quantity of virus needed to infect 50% of inoculated chick
-s,*;"_;.{r._vo"
A -—-:w_'.—"—-“ - T T . —-—




B, Preparation of Compounds for Antiviral Testing.

Ti.e work on an improve? methos for isclatiun of caravanina
his been continuved. Using: slizht refinements in the »roccdure
some 25 2. have been prepared. OSeveral aore small scalc
altenrts to isolate canavanine by the use of ion exchangze
: ns nawve beel aade.  Faper chromatcsraphy indicates that
nin and hisnidire follow c¢inavanine throuzh the columns.

1VL"'3 anilysis indicates that canavanine is jresent in

i cduate vut attenpis at isolation have been unsuccesstul.
st thet decunousition may occur on the ion exchange
h§s aeen reported to occur on an adsorption column

nock this possibility pwre canavanine was run throuzh
aceovding o the cclorimetric method the IRC - 50

red at OHlL.7 retained 92% of the canavanine; when

pH7.0 it retained 27%; and the IRA-LOO resin

©. However, the {lavianate prepared fros these acid

not correspond to caravanine flavianate; this

ey e du2 to the formation of a euteciic mixiure with ammonium

rlavianate or to fiavianates of decomposition oroducts of

canavarine, This is being investigated further.

S=auinogyrimidinedione - 2,4; S-nitropyrimidinedione - 2,l;
ﬂ(a(«dlchloroacetanldopgrimma;nedvone - 2,43 2=trio~l—
oxypvrvnldlnc, 9-m9thylmercapto~q~5ydroxypyr1n1c1ne,
¢cyaruriz acid and Siuret have been prepared by procecdures described
in the l“sraturb. The c»lowlmotrlc dztermination for canavanina
(Archibald~) has been extended to alecoholic solutions.
Canaline has baen made enzymatically ani desaminocanavanine
orepared by the wpethosd of &1togawaz

Plans for the imnediats future include the isolation of
more canavanine and the Oreparaticn of certain of its
asrivatives.

Zf a nuaber of additionel compounds axawined two have been
Lnd to have a maried inhibitory effect on the development
) leb influenza virus in ths chick embryo. These are
i OptD 1 biguan.ide hvdrochloride and benzoyl guanylurea.
Jetn oi th se comsounds contain the guanidino group and in this
rescect obeur Bows structural relat¢onship to arginins,

cually uarkno when ithe coupound is administered in the yolk
sac or uwhe allanusic sdac, 4s the virus is injected into the
allantoic sac 1 both cases this suggests that no direct
contact between the virus and ths compound in the allantoic

sac is necessary in ordsr for inhibition to be demonstrated,

Bk o

Y. Arcnibald, °
2. Kltogaws,

1. Chem. 185, 169 {1548
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3. In the case of isopropyl biguenide 10,0 me. per egg, which i
is abrout the maximum tolerated dose, produced the most mairked
inhibition of the virus. However, a significant inhibition
is noted with a dose as low as 295 oz, per egz- In the case
of benzoyl suanylurea 25.0 mz. per egg produced the

waxinan degrec of inhibition, whereas 12.5 ug. per epy was
inaifectiva. This compound was employed in the form of a
susmonsicn because of its low vater solubilitys hence 1t is
nol possiosle to ke direct co.uparisons betwsen the two com—
neoundas for activity on a wel:ht basis.

Y« In the case of isoprupyl biguaride the inhibitory

effect of a single cose of 10 mz. is still evident after the
treated csgs have been incubated for three days at 35°C.
kven aiter four days of incubation a slight effect is still
apparent.

S. The inhibitory effect of isopropyl biguanide is definitely
influenced by the dose of virus administered. Vith doses of
about ter to one hundred IDgy the development of virus hemagglutinin

is very markedly su.pressed., With a dose of ten thousand
ID:O slight inhibition is noted. :
-

6. Isopropyl biguanide may be administered as long as twenty
four hours after the infecting virus and stiil prodice a
narkad suppressicn of virus hemagglutinin. Lven after
thirvy-zix hourg a nocticeabls inhibition is found. This
observation seems to indicate that the inhibitory effect is
ncet due to interference with adserption of the virus by the
cells,

7. In tne case of benzoyl guanylurea the irhibition of the
virug is equally warked if the compound ic given an hour before
the virus or two hours after the virus. If injecticn of ths
cuonpound is delayed fer twenty-four lhiours, howsver, the effect
is slighu. .

8. lsopropyl biguvanide at a concentration of 2 mg. per ml,

has no effect upon the hemag lutinating activity of the lee
influvenza virus aiter exposures as 1ci); as twenty hours at

350, It ques, however, apparently causes a more rapid loss

of inlectiviy, than 18 noted in & control preparation containing
wnly the virvs., This effect upon infectivity i3 at best

very &Xiht in Uwoanty nours at 10°C or in Ywe howurs at 35000

It seems unlikely that it can entirely accounb for the
inhibitory activity of the compound ir tha dsvelopment of the

.

e  Isogrepyi bignanide has baen shiown Lo inhibit the develosment
3 influvenze virus in the chick cabrvo using infectiviiy

AN e YN Yoo i [ R BTN + P XYaVe" .
eecazturensnt.  ogs treated with the compound have
=23y o T i e -~ ) e} I : e ZeYaey =)
e Yiher at .wcest one log wae than
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1C. Experiments carried out in vitrc have failed tc show
that isopropyl biguanide has any influence upon the adsorption
of the lee influenza virus by the chorio-allantoic membrane,

11. A considerable amount cf efiort has been devoted to
improving the extraction and purification of canavanine from
jack bean moal. Ton exchangs resins have toen triad but a
successful method has not oeen achieved, Altogether some

35 srams of canavanine have besn urepared by the original
laboriens procesc.

12, Acdditional compounds which have waesn prepared by synthesis
3 isolaticn inciude, desaminocanavanine, canalinre, cyanuric
acid, S ainopyr imidinedione -~ 2,L; C-nitropyrimidinedione -

3 G-thio=le oxypyrimidine; Sqi}qs-dichloroacetamidopyrimi—
d.ohu — 2,43 and 2-nethylmercapto-li=hydroxypyrimidine.

ﬁ -5”

flans for further work and pubiications.

The study of the effect of isopropyl biguanide on the
desvelcpmant of the influsnza virus is not yet complete. Some
of the phas=23 of the work repgorted above require additional
data. =lso attempts are planned to reverse the inhibiticn
by means of various possilrle metabolites which might be
involved., It is hoped that thic @2y shed some light on the
mechanism of the inhibition. This study is tc be carried ocut
in tissue culture as well as in the chick embryn. WVork
has also been started tc examine . he effect of this compound
upon influenz2 virus infections in mice.

The compound will also be tested for possibls effects

upon influenza A virus, mump3 virus, equine encepnalomyelitis
virus and possibly others,

It is also plamnmed to complete the study of canavanine
which has alzo been found to ve inhibitory to ths lee influenza
virus as was Jescribed in the previcus report covaering the
pariod from July 1 to Decesber 13, 1952,

The only publicatica of this work submitted so far has
been the abstract which appeared in the first volume of
Progross Report abstracts; HMicroviologzy Branch; Office of

Lva Raﬁearchp I+ is plarncd, however, to present ths work
deserived in this report at the natiocnal S.A.B. meetings
in Zan Francisco in August 1953, and to suomit a written repert
of this worl for publication scon thereafter.
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